


























EDITOR, UNITED STATES —-—S—~S*=Ssé=C«<RRONORARLY. CONSULTING EDITOR ‘EDITOR, GREAT BRITAIN 








Davin L, EpeaLt,M.D.,8.0, +=-—-—s—=i‘é‘sP OMAR ML. Lge, MCD. D.P.HL | B. L. Oors, M.D. MB.C.8. 








> 





A Note on the Silica, Content of Some Factory Dusts 


A Study of the Mortality of Coal Miners, England and Wales 
! (Continued) 





oF 
A Clinical Study of Fur Cutters and Felt Hat Workers 
; 








PUBLISHED MONTHLY BY HARVARD MEDICAL SCHOOL 


EDITORIAL AND BUSINESS OFFICES ; ei 240 LONGWOOD AVENUE, BOSTON 17, MASSACHUSETTS 
GREAT BRITAIN g : : H. K, LEWIS & COMPANY, 28 GOWER PLACE, LONDON, W. ©. 1 











ie _@ ‘ by ‘ gi ‘ t fy 


. ¥ 

8 
9 aed 
-— 


at Boston, Mass., under Act of March 8, 1879. Published Monthly. 








™ - ae 


- 2 . j 
- q Vv 
iy FS aie 
Fj Peer 


M.S., A.M., Dr.P.H. 


Crom K. Dainxern,M.D. 


+ tin. 


> 














THE JOURNAL OF 
INDUSTRIAL HYGIENE 


PUBLISHED MONTHLY 


VoLuME IV 


NOVEMBER, 1922 


NUMBER 7 


\ DISCUSSION OF THE METHOD OF A. D. WALLER FOR COMPUTING 
ENERGY OUTPUT, AND RESULTS OF EXPERIMENTS DETERMIN- 
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DISCUSSION 


(JULCIX method of measuring the en- 

ergy output during work has been 
suggested by A. D. Waller (1), in which 
the carbon dioxide expired during a 
short period of work is measured and its 
caloric equivalent caleulated by assum- 
ing a constant respiratory quotient. The 
present investigation was undertaken 
partly to determine how far Waller’s 
method is permissible for approximate 
work, and partly to secure data cn the 
clergy expenditure in 
hold duties. 


rarious house- 


) . . 
both the carbon dioxide output 


tha 


and 
he oxygen intake were measured, and 
hrom these values the respiratory quo- 
‘ent was ealeulated. By the use of 
‘k’s table the calories per hour per 
are meter of body surface wer» com- 
‘ed from the calorie equivalent per 
' of oxygen corresponding to the re- 
ratory quotient actually determined. 


_ rr. S 


cived for publication July 11, 1922. 


‘three-way taps. 


Waller contends that by the use of 
his shorter method a ‘‘fair’’ estimate 
‘an be made of various kinds of work 
not directly measurable in mechanical 
units. He contends that although an 
error of + 5 per cent. is involved, his 
method is of value because so many 
more determinations can be made in less 
time than is required by the longer 
method, that the final results obtained, 
when taken together, are as accurate as 
those obtained by the longer method. [He 
collected the expired air in rubber bags 
of 20 to 30 liters’ capacity for periods of 
one-half to one minute, the bags being 
fitted with suitable tubing, valves, and 
Such collections of air 
were made at intervals of about one hour 
during the work. In order to sav» time 
no mask but the subject 
breathed by mouth into the tubing, with 


was used, 


a clip on his nose. The air was meas- 
ured by a Verdin Spirometer, and the 
carbon 


dioxide estimated at onee hv 


potassium hydroxide absorption. 
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The first results were those of a dock 
laborer laying a conerete floor (2). 
Hourly determinations were made of the 
carbon dioxide discharge for half a min- 
ute immediately after work and for half 
a minute after three minutes’ rest. From 
the data obtained Waller learned that an 
efficient dock laborer, with a resting car- 
bon dioxide output of 5 ¢.c. per second, 
did hard work at an average cost rang- 
ing during the day between 10 and 15 ¢.e. 
of carbon dioxide per second. The 
values determined from the samples 
taken after three minutes’ rest were 
from 30 to 40 per cent. lower than those 
from the samples taken immediately 
after the work ceased. ‘T'o obtain the 
‘carbon dioxide value for a known 
amount of work, the subjeet (83 kilos in 
weight) made ten ascents of a 20 meter 
staircase, the expired air being coilected 
for the last 10 meters of each ascent. 
The rate of doing the staircase work was 
21.6 ke.m. per seeond, and the carbon 
dioxide output averaged 25.8 ¢.¢. per 
second. As the carbon dioxide output at 
rest was 95 @.ec. per second, the cost of 
doing 21.6 kge.m. of stairease work was 
20.8 ¢.ec. of carbon dioxide—z.e., 1 kgm. 
costs 0.96 ¢.c. of carbon dioxide. The 
cost of dock laboring averaged from 10 
to 15 ¢.e. of carbon dioxide per second, 
so that. the mechanical value of the work 
was at the rate of 10.4 to 15.6 kg.m. per 
second. 


10 ce. per second 
. =10.4 kg.m. per second. 
0.906 cc. CO, per kg.m. 


Comparisons were also made of the 
cost of piece-work with that of time- 
work, by means of the carbon dioxide 
output in dock laborers (3). Averaging 
the last three hours of two complete days 
of each type of work, and allowing 4 c.e. 
per second for carbon dioxide output at 
rest, the cost of piece-work was found to 


be 20.2 ¢.¢. of carbon dioxide per see jd 
and the cost of time-work 13.4 ce. of 
carbon dioxide per second. Assuming 
a respiratory quotient of 0.84, for which 
the caloric equivalent of 1 ¢.e. of earhoy 
dioxide=5.91 calories, these amounts 
represent 430 calories per hour for picce- 
work, and 284 calories per hour for time- 
work. 

It may be well to mention here that 
Waller did not obtain the carbon dioxide 
value at rest by an actual experiment, 
but by allowing 1 ¢.c. of carbon dioxide 
for every 20 kg. of body-weight. In these 
experiments the samples were not col- 
lected during the working period, but 
for half a minute immediately after the 
work. To justify this procedure Waller 
determined the carbon dioxide discharge 
at regular half-minute intervals during 
and after a short piece of staircase work 
(1410 ke.m. in fifty-two seconds) (4). 
At the end of the first 10 meters the car- 
bon dioxide discharge was 28.2 ¢.c. per 
second; at the end of the second 10 
meters, 33.5 ¢.c. per second; and at the 
end of the first one-half minute of rest, 
36.7 ¢.e. per second. The carbon dioxide 
value then fell, reaching the normal leve! 
in about ten minutes. From this result 
he coneluded that since the maximum 
‘arbon dioxide discharge occurred dur 
ing the first half-minute of repose, lic 
was justified in taking his samples 1 
mediately after the work ceased. 

Another experiment was made ‘‘to ce 
termine the physiological cost of mare! 
ing measured by CO,’’ (5). The me 
chanical efficiency of the subjects was es 


] 
| 


timated as before by staircase work. 


The marching was performed at dil/er 
ent rates and, as was to be expec ed, 
the carbon dioxide output per se nd 
increased as the rate increased. \\ \°! 
the subject was marching at the raic 0! 
4 miles per hour the carbon dioxide ‘|'s 
charge per second was 17.0 ¢.c.; wher | 
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vas marehing at the rate of 7 to 8 miles 
sey hour it was 951.8 ¢.c. From this and 
it her experiments Waller found that the 
ost of horizontal walking was 0.1 ¢.c. of 
arbon dioxide per kilogram of body- 
weight per horizontal meter, as repre- 
ented by the following equation: 
co, 


—— = Oi 
kg.m. 





Observations were also made with the 
ergometer but these will not be consid- 
ered here. The efficiency of staircase 
work was found to be about double that 
of bieyele work when the rate of the 
former was twice that of the latter. The 
observations on tailors (6) and printers 
(7) doing various types of work are par- 
ticularly interesting. 


EXPERIMENTAL WorkK 


Apparatus Used.—A. Douglas bag was 
used to collect the expired air and it 
was shown that there was no diffusion of 
carbon dioxide through the bag within 
one and a half to two hours. The bag 
was connected by rubber tubing to a face 
mask (8, p. 0990) (9), which was fitted 
with Douglas (mica) valves. The mask 
was tested for leaks before each experi- 
ment. A specially calibrated Newcomer 
iicter (10) was used to measure the vol- 
wine of air collected. The expired air 
Was analyzed in a Haldane gas analysis 
ipparatus., 


Rest Experiments 


'n order to obtain the increase in en- 
‘y output due to work alone, it was 
“ssary to establish a base-line which 
s determined for each subject by a 
| experiment before each work exper- 
ent, 

‘he subjects were allowed to rest for 
or fifteen minutes in the laboratory 
re the mask was adjusted, and then 


for some time the expired air was caused 
to pass out to the atmosphere through 
the three-way tap. After equilibrium of 
respiration had been established, the 
three-way tap was turned so that the 
expired air entered the bag. The sub- 
ject breathed quietly for five or ten min- 
utes, then the tap was turned off, and the 
bag disconnected from the mask. The 
gas in the bag was thoroughly mixed 
so that all parts would be well washed 
out with the expired air, and this sample 
was then discarded. After the bag had 
been thoroughly emptied, it was recon- 
nected and the subject breathed into it 
for ten or fifteen minutes. The gas was 
then well mixed and about one-half of 
it was passed through the meter. The 
temperature of the expired air was 
registered by a thermometer fitted into 
the inlet tube of the meter. 

Before a sample was taken for anal- 
vsis the bag was again thoroughly 
kneaded. Samples were transferred to 
the gas analysis apparatus by a 30 ee. 
syringe, with the usual precautions to 
avoid errors due to dead space. All anal- 
yses were made in duplicate. 

The respiratory quotient was deter- 
mined from the values found for carbon 
dioxide and oxygen. Lusk’s table (8, p. 
298) (11, p. 75) for the calorie equiva- 
lent of oxygen at varying respiratory 
quotients was used to compute the total 
calories, and from this value the calories 
per hour per square meter of body sur- 
face were deduced. 


Kapermments to Check Waller’s Work 


Period of Collection of Sample.—In 
order to shorten the time required to 
determine the energy output, Waller col- 
lected the samples of expired air during 
periods of one-half minute. In order to 
determine what error this method might 
involve, we collected the expired air dur- 
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ing (1) one-minute periods and (2) five- 
minute periods. A comparison of the 
‘carbon dioxide output per second and 
the oxygen output per second, and the 
respiratory quotients for both periods 
are shown in Table 1. The one-minute 
samples were collected immediately 
after the five-minute samples except in 
the last three experiments of Table 1, 
and in these the five-minute samples 
were taken after the one-minute samples. 


was collected as soon as work began, a 
compared the results with samples eo) 
lected (a) during a later period of work. 
and (b) during a period of rest preced 
ing the work. 

In Table 2 the first two experiments 
show less carbon dioxide, oxygen and 
calories per minute, also a lower respir- 


atory quotient for the first minute of 


work than for a later period of work. 
In the third experiment the results are 


TABLE 1—COMPARISON OF CARBON DIOXIDE AND OXYGEN OUTPUTS PER SECOND 
DURING ONE-MINUTE AND FIVE-MINUTE PERIODS, AND RESPLRATORY QUOTIENTS 


FOR BOTH PERIODS 


One-Minute Samples 


Five-Minute Samples 


OO, per Sec. O, per Sec. R. Q. Condition CO, per See. O, per Sec. R. Q. 
3.80 4.30 0.903 Rest 3.09 3.54 0.874 
3.02 3.51 0.860 - 3.91 3.56 0.876 
2.97 53.06 0.970 ” 3.36 3.68 0.913 
8.45 9.28 0.908 F loor-polishing 9.53 10.34 0.915 
3.27 3.69 O.SSS Machine 4.02 4.55 O.SS8 
6.73 7.35 0.915 “ 6.00 6.76 O.SS7 
6.11 7.33 0.830 . 5.42 6.53 0.831 
D.08 0.93 0.940 “a 3.82 4.26 0.863 
4.16 4.94 0.842 4.02 4.05 0.883 
4.05 5.46 0.742 I’ loor-polishing 14.21 14.70 0.957 
5.62 7.54 0.745 - LO.19 11.26 0.905 


The results show a marked variation 
in the two periods. In some experiments 
the amounts of earbon dioxide and 
oxygen are greater in the one-minute 
samples; in others they are greater 
in the five-minute samples. ‘The vari- 
ations are much too marked to say 
that the sample of the shorter period 
is representative of the composition of 
the expired air. Undoubtedly Waller’s 
method would be still less reliable be- 
cause in a half-minute period the error 
‘caused by turning the tap of the bag at 
different phases of respiration would be 
rreater than in a one-minute period. 
Waller’s shortened method sacrifices too 
much accuracy for the sake of speed, and 
this sacrifice we feel is not justifiable. 
Samples at Beginning of Work.—In a 
number of his experiments Waller col- 
lected the half-minute sample as soon 
as work began. We performed a few 


experiments in which the expired air 


much closer tor the two periods. All 
experiments show a lower respiratory 
quotient during the first minute of work 
than during the period of rest. In a 
similar series of experiments Orr and 
Kinloch (12) obtained the same result. 
Samples after Work.—tIn other ex 
periments Waller collected the samples 
as soon as the work céased. In the ex 
periment with the dock laborer he found 
that the carbon dioxide output fell 50 to 
40 per cent. during the first three min 
utes after the work ceased. This resull 
led us to believe that the fall in caro! 
dioxide output began immediately ai ter 
the work was finished. In a few of our 
experiments in which the expired all 
was collected during one minute, tire 
minutes after the work ceased w 
tained results agreeing with tho: 
Waller. The fall in earbon dioxide 0 
in our experiments varied from 24 
per cent. (see Table 3). In other © 
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outs we collected the expired air dur- 
vo the first minute after work ceased. 
‘he results (see Table 4) confirmed our 
volief that a fall in carbon dioxide out- 
vit oeeurs immediately on the cessation 
{ work. 

rom the results given in Tables 2, 


> and 4, it is evident that Waller’s 


method of collecting the sample at the 
peginning of work, or immediately after 
‘he work ceased, is quite inaccurate. 


PABLE 2.—COMPARISON OF SAMPLES OF 
PRECEDING WORK, AT BEGINNING OF 
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betore (1) from oxygen at varying res- 
piratory quotients, and (2) from = ear- 
bon dioxide at a constant respiratory 
quotient. It will be seen from ‘Table 6 
that the variation in the calorie output 
for the two days is always greater when 
the results are computed according to 
Waller’s method. This table shows that 
in these experiments the method of eal- 
culating from oxygen is 10 to 11 per cent. 
more accurate than Waller’s methed. 


EXPIRED AIR COLLECTED DURING REST 
WORK, AND DURING A LATER PERIOD OF 


WORK 
ixperiment Period CO, per Min. O, per Min. R. Q. Cal. per Min. 
1 Rest 194.46 228.08 O.S52 yb 
lst min. of work 243.23 327.53 0.742 1.55 
3-8 min. of work $51.47 SS2.92 O.957 4.40 
2 Rest 175.47 215.20 O.S15 1.034 
lst min. of work 337.43 452.91 0.745 2.141 
3-S min. of work 611.56 675.54 0.905 3.000 
3 Rest 212.17 2?6.00 0.938 1.12 
lst min. of work 249 S87 296.43 0.842 1.43 
16-26 min. of work 241.21 275.16 O.SS3 1.34 
Ist min. after work 196.54 221.34 O.SSS 1.08 


Assumed Respiratory Quotient vs. De- 
fermimed Respiratory. Quotient. — The 
respiratory quotient in our experiments 
varied from 0.78 to 1.04, so that consider- 
able error would be involved by assum- 
ing, as Waller did, a respiratory quo- 
ticut of 0.85 for all observations. Table 5 
vives the results of our experiments in 
which the calories per square meter of 
body surface are computed (1) from 
oXygen at varying respiratory quotients, 
ind (2) from earbon dioxide at a con- 
‘aut respiratory quotient of 0.85. Com- 

ving the results in Table 5, it will be 

ticed that the variation in the last two 
imns is least when the respiratory 
llent actually determined is closest to 
respiratory quotient of 0.85 assumed 
Waller. The variation in the two 
iods is even more evident in a short 


cs Of experiments in which the same 


ert did the same piece of work on 
days. 


The results are computed as 





TABLE 3.—FALL IN CARBON DIOXIDE OUT- 
PUT THREE MINUTES AFTER WORK 


Per Cent. Per Cent. Per Cent. 


CO, CO, 3 Min. Fall 
Work during Work after Work in CO, 
Staircase 4.25 ».1LO 27.15 
Machining 2 90 LSS 56.20 
Kkrgometer 3.95 3.00 24.00 


TABLE 4-—FALL IN CARBON DIOXIDE OUT- 
PUT IMMEDIATELY AFTER WORK 
Per Cent. 


Per Cent. Per Cent. 


CO, CO, Fall 
Work during Work after Work in CO, 
Staircase 4.35 3.80 12.60 
Machining 53.50 3.05 12.80 
lk’ loor-polishing 5.70 3.40 8.11 


EB ficuency Kaperiments 


In order to determine the efficiency of 
a subject it is necessary that a known 
amount of work should be done. For 
this purpose two types of experiments 
were performed: (1) stairease, and (2) 


ergometer. 











ore ee ee ee 


————eeE 





288 THE JOURNAL OF INDUSTRIAL HYGIENE 


Staircase Eaperiments—As far as 
possible Waller’s method was followed 
(v.¢., collecting the sample of expired air 
during the last half of each ascent, and 
calculating the efficiency from carbon 
dioxide). A metronome was used to 
keep the rate of walking constant. The 
work done was five ascents of a 10-meter 
staircase, but the tap was turned to the 
bag only during the last half of each 
ascent—.e., the sample was collected 
during five ascents of 5 meters. The eal- 
orice value of the work done was deter- 
mined by using the value, 1 calorie=425 
ke.m. The cost of work in calories was 
obtained by subtracting from the caloric 
expenditure during work the calorie ex- 
penditure during rest for the same 
period. The ratio 

work 
x 100 = % efficiency. 
cost 

Krgometer Experiments.—aA_ bicycle 
ergometer (13) was used, the work done 
being measured by the number of revolu- 
tions of the wheel per minute X the cir- 
cumference of the wheel X frictional 
pull. The subjects used different rates, 
but the rate for each experiment was 
kept constant during the preliminary 
period of three minutes, and during the 
experimental period of five minutes. 

Table 7 gives a comparison of our er- 
eometer and staircase experiments. The 
calculations were made according to 
Waller’s method—.e., 


work kg.m. per second 


cost net CO, per second 


The results agree with his. Results 
(1), (2), and (3) in the ergometer table 
represent the work done at three rates 
60, 84, and 104 steps per minute, respec- 
tively. They show that as the rate of 


work r 
work mereases the ratio = - jnereases 





eost 


—t.e., efficiency increases. Compari). 
(4+) in the ergometer table with (1) in th. 
staircase table, it is seen that work doy. é 
on the staircase at twice the rate of the 
work done on the ergometer (10.04 kg.n,. 
per second vs. 5.5 kg.m. per second). 
work 
gives a higher —— ratio; (5) and (6) iy 
cost 
the ergometer table compared with (2) 
in the staircase table show the same re- 
sult. If (7) in the ergometer table is 
compared with (1) in the staircase table. 
it is seen that when the rate of work on 
the staircase and on the ergometer is the 
same, the efficiency in doing’ staircase 
work is again higher. 

Table 8 gives our results for staircase 
and ergometer experiments computed hy 
Benedict’s method. The experiments 
are in the same order as in Table 7, 
Table 8 includes two additional experi- 
ments in both types of work. From (1), 
(2), and (8) it is seen that the efficiency 
increases as the rate of work on the 





ergometer increases (this is shown in 


a - . 
column —— 100). Comparing’ the 


b—e 
ergometer table with the stairease table, 
it is seen that when the ealoric value 
of the work done is approximatel) 
equal for both kinds of work, thie 
efficiency in doing the, latter is always 
ereater than the efficiency in dois 
the former. If (4) in the ergomeicr 
table is compared with (2) in the stair 


‘Benedict’s method (11, p. 112) of computing te 
net efficiency of a subject is as follows: 


Heat equivalent of muscular 
done 
Net efficiency = , a 
Increase in energy due to W 


a 
= x 100 


b—c 





a = heat equivalent of work done (1 calorie 
kilogrammeters). 

b = total caloric output for period of work. | 

¢ = resting requirement in calories for S$! 
period, 
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TABLE 5.—RESULTS OF EXPERIMENTS IN WHICH CALORIC OUTPUT WAS COMPUTED 
~ FROM OXYGEN AT VARYING RESPIRATORY QUOTIENTS, AND FROM CARBON DI- 


: OXIDE AT A CONSTANT RESPIRATORY QUOTIENT 
3 Cal. per Hr. 
4 Cal. per Hr. per Sq. M. 
i Net CO, Net O, per Sq.M. from CO, 
Work per Sec. per Sec. R.Q. from UV, (R.Q. 0.85) 
fread-making 2.37 1.17 1.000 14.44 33.30 
3.65 3.48 1.040 42.42 55.07 
y, 1.90 2.56 0.836 27.09 24.29 
4.07 4.80 0.896 56.38 57.25 
3.48 3.77 0.918 49.60 54.39 
1.95 2.11 0.875 22.2: 27.43 
: 1.41 1.53 0.940 16.24 17.71 
: Machining 3.71 1.05 0.807 10.94 9.36 
2.95 2.76 1.020 35.66 44.46 
0.48 0.78 0.883 8.68 6.80 
2.06 2.84 0.831 30.19 27.17 
0.32 0.40 0.895 4.64 4.51 
1.00 1.28 0.863 13.45 12.57 
Floor-polishing 1.08 1.48 0.882 16.29 14.24 
6.44 6.50 0.915 T6.57 $4.92 
1.66 2.14 O.S69 26.22 25.02 
10.95 10.91 0.957 123.27 144.40 
7.26 7.67 0.905 85.99 95.74 t 
5.73 6.19 0.910 GOS.90 75.56 , 


TABLE 6—VARIATION IN CALORIC OUTPUT DURING TWO DAYS’ WORK COMPUTED 
FROM OXYGEN AT VARYING RESPIRATORY QUOTIENTS, AND FROM CARBON DIOX- 
IDE AT A CONSTANT RESPIRATORY QUOTIENT 


Cal. per Hr. Variation in 
Cal. per Hr. per Sq. M. 2 Days’ Work 
per Sq. M. from CQO, O, Method CO, Method 

Work CO, per See. O, per Sec. R.q. from O, (RQ. O85) Yo % 

Machining 2.45 2.85 O.SS7 31.72 32.51 5.0 16.0 
2.06 2.84 O.S37 30.19 27.17 

Walking 6.53 S.28 0.835 90.45 S6.11 6.4 16.5 
7.61 8.79 O.ST6 96.24 100.35 

F loor-polishing 7.03 8.51 0.825 92.43 92.71 25.0 36.0 
10.95 10.91 0.957 123.27 144.40 


PABLE 7.—COMPARISON OF RESULTS OF ERGOMETER AND STAIRCASE EXPERIMENTS 
COMPUTED BY WALLER’S MBTHOD 








Kirgometer Staircase 
Ke.M. Kyg.M. 

AM. per See, Net CO, per Sec. CO, Keg.M. per See. Net CO, per Sec. CO, 

9.90 13.66 0.724 

13.86 13.21 1.040 

17.16 11.80 1.450 

5.4 11.59 O.47S (1) 10.04 S.85 1.13 

6.60 12.23 O48 (2) 13.90 12.64 1.09 
(; 6.60 11.47 O.575 (3) 19.06 17.13 1.11 

LO.56 12.91 Q.S17 


\BLE 8.—COMPARISON OF RESULTS OF ERGOMETER AND STAIRCASE EXPERIMENTS 
COMPUTED BY BENEDICT’S METHOD 


Ergometer Staircase 
a a ' 
im 3 20 , x 100 
a b Cc b— a b c b—ec 

4.19 18.12 3.51 28.67 

OST 16.00 3.24 465.00 

7,26 13.48 3.57 72.25 

1.56 9.34 2.06 21.42 (1) 1.06 2.82 0.92 55.79 
4.66 24.63 4.76 23.45 (2) 2.94 5.66 1.86 77.37 
1.66 23.64 6.18 26.69 3) 4.03 7.10 1.92 77.79 
4.47 14.23 3.09 40.12 (4) 4.03 8.35 2.47 68.53 
4.80 13.26 3.09 47.19 (5) 1.27 2.78 0.54 56.69 


14.96 


20.25 
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case table, it is seen that the efficiency 
in performing staircase work is also 
higher even when the calorie value of 
the work done is approximately twice 
that of the work done on the ergometer. 
These results agree with those obtained 
by Waller’s method, but Benedict’s 


ULTS FOR HORIZONTAL 
PERIMENT COMPUTED BY 


YPROD 


TABLE 9. RES 
WALKING IX 
WALLER’S ME 


Co, 
Ke.M. per Sec. Net CO, per Sec. Kg.M. 
(1) (4.81 6.95 0.107 
(2) S2..69 7.61 0.092 
(3) 83.35 6.53 0.078 
(4) 67.54 6.90 0.102 
(>) GO7T.53 6.06 0.OS9 


By comparing the last column 
Tables 9 and 10 it is seen that the co: 
of horizontal walking, either in eubj. 
centimeters of carbon dioxide per kil: 
grammeter, or in gram calories pe 
kilogrammeter, does not agree wit! 


y 5 . COST 
Waller’s conelusion that the ——— ratj, 
work 








is a constant (0.1). In both tables num 
bers (2) and (3), and (4) and (5) are, 
respectively, the results of a subject 
doing the same amount of work at ap- 
proximately the same rate. It will be 
seen that the cost of work is not con- 


TABLE 10.—RESULTS FOR HORIZONTAL WALKING EXPERIMENT COMPUTED BY BENE 
DICT’S METHOD 


Heat Output 
Increase over Sitting 


Body-Wt. Distance llorizontal Total Cal. Total Cal. Per ixg.M. 
(Clothed+ Bag) per Min. Ky.M. per Min. per Min. per Min. in Gm.=Cal. 
(1) 50.00 17.07 3888.88 3.01 2.45 0.625 
(2) C4.50 77.14 4960.20 3.00 2.96 0.516 
(3) 64.50 Key y | 9001.11 3.05 2.41 0.481 
(4) 46.51 S7.00 4052.12 3.09 2.48 0.612 
(D) 46.51 S7T.50 4052.12 2.32 2.18 0.557 


method is considered much more accu- 
rate since it involves the use of the de- 
termined calorie output and not merely 
the use of the carbon dioxide determina- 
tion. 

Horizontal Walking Eaperiments.— 
The subjeets walked a distance of 700 
meters at a uniform rate. In order to 
cheek Waller’s method the work done 
was calculated by the distance in me- 
ters the body-weight in kilos. It was 
also determined by measuring the total 
caloric output, as recommended — by 
Benediet (14). 

In Table 9 our results for the hori- 
zontal walking experiment have been 
computed by Waller’s method. = In 
Table 10 the results have been computed 
by Benedict’s method without taking 
into account, however, the energy ex- 
penditure due to the lifting of the body- 
weight at each step. 


stant even for the same individual, and 
that Waller was not correct in claiming 
that there is an increase of 0.1 ec. of 
earbon dioxide per kilogram per hor! 
zontal meter. 

Energy Expenditure during Som 
Household Tasks.—The household tasks 
which were performed to obtain data 
were bread making, machining, and 
floor-polishing. The results of the en 
ergy expenditure during these tasks are 
of interest. 

In the bread-making experiments 
cost in calories per hour per squi 
meter varied from 14.44 to 56.58 © 
ries. The average cost for eight ex] 
ments was 33.53 calories, with an a 
age variation of £13.52 calories. I 
experiment was done by a _ diffe! 
subject. 

The rate of machining varied 
92 treads per minute to 124 per mi 



























dd the energy expenditure varied ac- 
rdingly, being 4.64 calories when the 
ate was 52 treads, and 30.95 calories 
hen the rate was 124. In ten experi- 
ents the cost per hour per square 
eter averaged 16.05 calories, and the 
verage variation was *9.72 calories. 

The floor-polishing experiments were 
lone at rates which varied from 30 to 
'5 strokes per minute. ‘The cost per 
hour per square meter at the rate of 
40 strokes was 11.98 calories, and at the 
rate of 75, 68.9 calories. The length of 
ihe stroke for the experiments at the 
rate of 50 strokes was double that used 
in all other experiments, and as a result 
ihe cost at that rate was even higher 
than at the faster rates. Averaging all 
the experiments (eleven), the cost in 
calories per hour per square meter was 
48.86 calories, the average variation 
being 25.06 ealories. 


CONCLUSION 


‘rom these results it seems fair to 
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eonclude that Waller’s method of com- 
puting the energy output from the car- 
bon dioxide expired would be useful in 
saving time, but it does not give accu- 
rate results, and is therefore unsatis- 
factory. The short periods which he 
used for collecting the samples of the 
expired air, and the method of collect- 
ing the samples at the beginning of the 
work and after the work was finished, 
all involved serious error. It is also 
evident from our results that it is essen- 
tial actually to determine the respira- 
tory quotient in all experiments, and to 
compute the energy output by means 


of the calorie equivalent of oxygen for 
the quotient obtained. 


Waller’s method of ascertaining the 


efficiency of the subject is also consid- 


ered inaccurate because it is not based 
on the calorie output. 


In conclusion, we feel that Waller’s 


short method of computing the energy 
output is of little value, since it disre- 
gards so many factors essential for 
accurate determinations. 
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rHE USE OF THE SPOT MAP IN 


THE INDUSTRIAL DISPENSARY* 


Wituiam Hauit Bunn, M.D. 


Youngstown Mazda Lamp Division, National 


sa OR several vears epidemiologists 
I and sanitary engineers have used 
not maps to help them analyze the 
ealth conditions in given communities. 
During the Salem, Ohio, typhoid epi- 
jemie of 882 cases,’ the state epidemi- 
ologists had a map of the entire city pre- 
yared, showing the location of every 
house in the city. Whenever a case 
of typhoid developed, a colored tack 
was placed in the proper space on 
ihe map.. Differently colored tacks 
were used to represent different weeks, 
so that not only the actual number and 
distribution of eases could be seen at a 
viance, but also the matter of contact in- 
fection could be easily checked. 

\Ve have borrowed this idea and have 
used it to aid us in keeping a daily check 
ipon the health conditions in our plant. 
by means of the spot map a picture is 
constructed which enables one to visual- 

ilmost at a glance, a situation which 

ses of written reports fail to make 
jcar. ‘This proceedure has been of such 
Jue that we offer it for publication in 
hope that others may benefit by it. 
in facet, quite simple; all that is 
essary 1s a floor plan of the factory 
ing the location of each operator 

i set of six or eight differently col- 


tacks. 


Mopus OpERANDI 


in Operator comes to the dispen- 
and is found to be suffering from 
ived for publication June 14, 1922. 


W. H.: The Salem, Ohio, Typhoid Epi- 


\ Clinical Report. Jour. Am. Med. Assn., 
1159. 


Lamp Works of the General Electric Company 


tonsillitis, a red tack is at once placed 
upon the map in a position correspond- 
ing with her location in the factory. It 
her case is severe, the operators working 
near her are given a gargle. Meantime 
the map is watched closely to see 
whether other cases of tonsillitis develop 
in the same department. 

A blue tack is used to denote a case of 
coryza, or nose cold; a green tack indi- 
cates bronchitis, a yellow one, contagious 
skin lesions such as seabies and im- 
petigo; a brown and white plaid one, in- 
fluenza or grip; and a red and black plaid 
one, enteritis. A green tack with a black 
eross (the cross drawn with pen and 
ink) denotes the absence of an employee 
on account of illness. If the nature of 
the illness is known, the tack denoting 
that particular disease is placed with the 
absentee tack. A red tack with a black 
dot in the center means an accident. It 
is surprising to see the number of tacks 
of this sort on the charts from some de- 
partments. This particular findin» may 
aid the safety committee in reducing the 
number of accidents to a minimum. 

One of the most valuable tacks is the 
pink one, which represents headache 
from all causes. On several occasions, 
by watching the increasing number of 
headache tacks in one department, we 
have discovered lack of attention to ven- 
tilation. 

During the last grip epidemic we tried 
to send operators who were coming down 
with the disease away from the plant at 
the earliest possible moment. Prophy- 
lactic treatment (consisting of a gargle 
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and nose pack of a camphor-menthol 
compound) was then given to all the em- 
ployees who had been in contact with 
them. An effort was made to surround 
every grip tack on the board with a yel- 
low cross tack (a yellow tack with a 
black cross drawn on it with ink stands 
for prophylactic treatment in this sys- 
tem). The ease with which contagious 


@ Qo 


usual situation shows just how infectio, 
an acute nose cold can be. The conditiny 
would probably have been overlooked. 
had not the spot map been in use. ‘| 
operator just opposite the letter A was 
the first to report. The adjoining oper. 
ators developed nose colds within a few 
days. 

In Department D there were severa! 
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MEDICAL DEPARTMENT 
THIRD FLOOR 
YOUNGSTOWN 

MAZDA LAMP DIVISION 

KEY TO MAP— 
TONSILITIS 
ENTERITIS 
NOSE COLD 
BRONCHITIS 





LAGRIPPE 
CONTAGIOUS ERUPTION 
HEADACHE 
PROPHYLACTIC TREAT— 
ABSENT ACC. OF ILLNESS 
ACCIDENT 








lic. 1.—Sample spot map. 


cases were kept in mind, and the faithful 
prophylactic work of the dispensary 
nurse, we believe, accounted for the low 
incidence of grip in our tactory—a. inei- 
dence much lower than that of some 
other institutions in this vicinity. 





In order to illustrate some of the uses 
of the map, the diagram shown in Figure 
| has been prepared. For convenience 
in photographing, however, desigus have 
been substituted for colors. 

[It will be noted that in Department A 
there are several cases of coryza all 
erouped around a central one. ‘This un- 


eases ot headache on successive days 
An investigation of this condition, which 
was first noted on the spot map, revealed 
the fact that the ventilating system was 
not functioning properly. 

The grip and prophylactic tack 
placed in Department © illustraic 
method of trying to prevent the s}) 
of disease by the use of prophy! 
measures and the advantage of ws'!lt 
the spot map for this purpose. YV} 
tor Number 13 developed grip, and | 
ators 12 and 14 were given prophy: 
treatment. 






















ReEeMovAL REcORD 


'o prevent the tacks from accumulat- 
on the board, a removal record, such 
‘hat shown in Figure 2, is used. This 
-onsists of a sheet of ruled paper on 
«hieh is kept the serial number of the 








Dept. No. | | 
Date and Initial Color Removed 
211 2/10/22 | AIS—M.S. | Blue | 2/24/22 
912 2/11/22 D7 —S.I. | Pink | 2/18/22 


Fie. 2.—Tack removal record. 


case, the date that the tack was placed 
on the board, the initial or number of the 
operator’s machine, the color of the tack, 
and the date that the. tack is to he re- 
The tacks denoting contagious 
conditions are left on for a fourteen-day 


moved. 
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period. The headache and accident tacks 


are left on for one week. 

When the removal-record sheet is 
filled, a new one is attached to the map 
and the old one is filed. This constitutes 
a permanent record which can be used 
for statistical purposes at any time. 


SUMMARY 


The spot map can be used to advan- 
tage in an industrial dispensary for the 
following reasons: 

1. It visualizes the health situation. 

2. It is of value in checking the 
spread of infectious diseases. 

%. It supplies valuable accident in- 
formation to the safety committee. 

4. It makes a permanent record for 


statistical purposes. 
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A CLINICAL STUDY OF FUR CUTTERS AND FELT HAT WORKER 


Wapre Wriacut, M.D. 


Instructor in Industrial Medicine, Department of Industrial Hygiene, 
Harvard School of Public Health 


Nit hundred and eight hatters’ fur 
workers and felt hatters were ex- 

amined in Danbury, Connecticut, in the 
autumn of 1921. Pubhe announcement 
was made of the opportunity for medical 
examination, and all the workers who 
presented themselves were examined 
without selection. With few exceptions 
they were men actively engaged at their 
respective trades, and few of them con- 
sidered themselves notably diseased. 

Kor the purposes of this analysis of 
findings, the examination records ot 
eight persons have been eliminated; six 
of them had been employed for less than 
two years, one was a young apprentice, 
and the record of another was incom- 
plete. There are available, accordingly, 
the results of 100 fairly complete physi- 
cal examinations. In addition, twenty- 
seven urine analyses were made, and 
subsequent to the examinations radio- 
eraphs of the chests of fifty-six members 
of the group were obtained. 

Representatives of thirty fur or hat 
shops were found among the 100 men, 
twenty-two of whom constituted the 
largest single shop contingent. 

Occupation.—Kight men were haiters’ 
fur workers, four of whom were engaged 
in carrotting, the others doing eutting, 
clipping, plucking or shaving. Sixty- 
nine worked in the ‘‘back shops’’ of hat 
distributed 
among the following trade processes : 


makers’ establishments, 
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‘Twenty-three were ‘‘front shop’? fin 
ishers. Many of the men had been em 
ployed previously at other processes 
than those of their recorded oceupatious. 

Nationality.—Oft the 100 men, twenty 
six were native born of native parentave. 
Miftv-seven were foreign born; of this 
number fifteen were born in Ireland, sey 
enteen in Austria-Hungary, Czecho-Slo 
vakia, or Poland, eight in Italy, seven in 
Syria, five in Germany, and five in other 
countries. Seventeen were native born 
of foreign parentage, for the greater 
part either Irish or Italian. 

Age and Duration of Service-—lhe 
men ranged from 25 to 67 years of age, 
and had been employed in the hatting 
industry for periods varying from two 
to forty-seven years. They were distri!) 
uted as follows with respect to ave and 
to duration of service: 


Age Distribution 
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It may be noted that 72 per cent. of the 
»youp had been employed in the indus- 
iry for more than ten years, 39 per cent. 
or more than twenty years, and 20 per 
cout. for more than thirty years. 

Medical History. 


of value was secured regarding the med- 





Little information 


ical histories of either the members of 
ihe group or of their families. Two in- 
stances of family tuberculosis were. re- 
corded, and several men had had typhoid 
malaria. All but nineteen de- 
Of 
this number, one admitted having had 

| syphilis. 
Ninety of the 
many of them in considerable amounts. 
) Chewing 


fever or 


nied having had venereal disease. 


eroup used tobacco, 


was especially prevalent. 
Twenty-one stated that they had not 
( drunk aleoholie beverages, but of the re- 
malning seventy-nine many frankly ad- 
y mitted habitual excessive drinking. Fif- 
0) (vy men drank coffee; ten drank tea. 
ppearance.—The general appearance 


( ol most of the members of the group was 
ood. Sixty-nine were rated as of good 


itrition: and six, 


or. Kew of the men were emaciated, 


twenty-five, fair; 
(most of them were of approximately 
rmal weight. 
i#.—The eolor of the skin was good 
ighty-one of the men, and fair in sev- 
cn. Two men were distinctly pallid. 
hemoglobin determinations were 
ic. Skin eruptions were negligible. 
re were observed among the sizers, 
ever, deep indurated calluses of the 
is extending from the thenar and 
thenar eminences over the palms 
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and to the finger tips. In many instances 
the hands were stained by dyes used in 
the sizing kettles. Eighteen men. six- 
teen of them sizers, showed marked eal- 
luses of the type deseribed. Six sizers 
had developed Dupuytren’s contractions, 
usually of the little finger of one or both 
hands. A flanger and a curler had sim- 
ilar disabilities. 

Special the 


statements of the individuals examined, 


Senses.—According to 


vision was highly deficient in but few 
instances. Forty of the men wore glasses, 
especially for reading. The pupillary 
reactions were not remarkable. 

Partial 


eighteen cases, and a history of running 


deatness was recorded = in 


ears in ten. Thirty-three persons com- 
plained of tinnitus, though few were at- 
fected constantly. There was no notable 
evidence of diminished olfactory sense. 
Teeth—The teeth of most members of 
‘Twen- 
tvy-eight men stated that they had ocea- 


the group were in fair condition. 


sional or frequent toothache. In but rare 
instances was there evidence of exten- 
sive dental disease with loosening of the 
teeth. 
lars, five wore plates in both jaws, and 


Many men had lost several mo- 
three in one jaw only. Marked discol- 
oration of the teeth was noted in a few 
cases, 

observed in 


Gums.—Pyorrhea was 


forty-five persons, occasionally with 


readily bleeding gums. There were but 
two cases of gingivitis so marked as to 
suggest some disease other than pyor- 
rhea. For the purposes of this study no 
attempt has been made to differentiate 
the 


eums associated with pyorrhea. 


hetween gingivitis and inflamed 


In three men there was observed a 


definite ‘‘blue line’’ 
the 
The markine’s were dis 


in the eums. some 


what similar to Jurtonian Ime of 


lead poisoning. 
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tinetly punctate, blue-black in color, and 
finer than those commonly seen in cases 
of poisoning by lead. No conclusive evi- 
dence of lead absorption was obtained. 
One of the three men was a coner, the 
other two were sizers. 

Mouth and Throat.—Twenty-two per- 
sons gave a reasonably trustworthy his- 
tory of salivation, usually very moderate 
in degree; only three showed salivation 
when examined. 

‘l'wenty-five men were recorded as 
having a sensation of dryness of the 
throat; eighteen, a sensation of tickling. 
Kleven had sore tongues. Eighteen ad- 
mitted having, upon occasion, noted a 
metalhe taste, though reliable informa- 
tion regarding this matter was difficult 
to obtain. 

Coated tongues were observed in 
twenty-six of the group, throats of dry 
appearance in six, and dusky mucosae 
in nineteen. Light patches on mucous 
membranes were observed in but two 
eases. No noteworthy odor of the breath 
was reported. Five men had _ slight 
speech defects. 

Lymph Nodes—Slght or moderate 
eeneral adenopathy was recorded in 
thirty-six instances. 

Cardio-Respiratory Symptoms.—Res- 
piratory intections were reported as 
common. forty-nine individuals gave a 
history of frequent colds, sixteen of 
pneumonia, eighteen of pleurisy, forty- 
nine of frequent coughs, and nine of 
hemoptysis. Statements regarding fe- 
ver were untrustworthy. 

Kixamination of the lungs disclosed 
various positive findings in thirty-two 


‘vases, for the most part signs of chronic 
bronchitis or of old pleuritis. Patches 
of dulness with increased fremitus and 
coarse rales were occasionally encoun- 
tered. No ease of active tuberculosis 
was recognized. 


X-ray examination of a portion of th 
group not specially selected showed y\:- 
merous cases of marked hilus infiltr,. 
tion, diminished radiance of one or bot}; 
apices, numerous soft glands, and ocea- 
sionally diffuse mottling. The following 
case reports are cited by way of illus. 
tration: 


Case 7.—This man, aged 54, had been em- 
ployed as a shaver for seventeen years, 
Physical examination of the chest was nega- 
tive; X-ray examination showed coarse mot- 
tling seattered throughout both chests. Both 
apices were dull. 

Case 15.—This man was 48 years old and 
had been employed as a finisher for fifteen 
years. Physical examination showed slightly 
impaired resonance; X-ray examination 
showed hilus infiltration, coarse peribronchial 
thickening, mottling throughout the entire 
right chest and upper lobe. The right apex 
was distinetly dull. The findings resembled 
tuberculosis. 

CASE 58.—This man, aged 62, had worked 
as a mixer in the blowing room for thirty- 
three years. Physical examination of the 
chest was negative; X-ray examination 
showed marked hilus infiltration, increased 
soft glands, and mottling seattered through- 
out both chests. The left upper lobe was dis- 
tinetly dull. The findings resembled tubercu. 
losis. 

CASE 60.—This man, aged 26, had been a 
starter for eight years. Physical examination 
of the chest disclosed dulness of the left upper 
lobe; X-ray examination showed marked hilus 
infiltration extending throughout both chests. 
and fine scattered mottling. 


Broadly speaking, the radiographic 
findings, while in certain instances ofler- 
ing evidence of dust inhalation, were 10! 
notably distinguished from those ord 
narily obtainable upon the examination 
of any group of men of like ages «nd 
numbers. 

‘Twenty-two individuals gave a history 
of some degree of dyspnea; twerty 
seven complained of palpitation; s!x @P 
peared cyanotic; and fifteen were slight 
ly or moderately edematous. Examine 
tion of the heart in ten eases revealed 
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dence of disease, particularly hyper- 
ophy and dilatation. Thirty-nine per- 
ys had a systolic blood pressure ex- 
oeding the age plus 110, the average 
svcess over age plus 110 being 14.4 
nm. Hg). The average pulse pressure 
as 56.4 points. The age distribution of 
‘ye members of this group was as fol- 


WS: 
Av. Excess Ay. 
\ore over Age Pulse 
V ears No. plus 110 Pressure 
»().29 7 14.0 46.4 
().39 18 10.7 52.5 
1()-49 6 23.5 68.5 
50-59 5 8.6 60.0 
60 and over 3 28.6 74.0 
Total 39 14.4 56.4 


Kidneys —Of twenty-one specimens 
of urine obtained from these thirtv-nine 
persons, five showed albumin. FF ifty- 
eight men from the entire group of 100 
reported nocturia. A definite history of 
hematuria was obtained in but one in- 
stanee, associated with evidence of renal 
ecole. 

Gastro-Intestinal Findings—No_ ab- 
ormal masses were found upon abdom- 
imal examination. Five persons were 
‘ound to have inguinal herniae. 

it is noteworthy that but one person 
complained of lack of appetite. Thir- 
‘cen believed their digestion to be poor. 
Twenty-one were constipated. Ten re- 
ported oecasional diarrhea. Hemor- 
thoids were noted in sixteen instances. 
‘hdominal pain or distress was not 
cingly manifest, and in the majority 
ie fifteen cases recorded the pain 

i the epigastrium. 
sture.—The posture of approxi- 
y half of the men examined was 
dingly poor, the attitude being 
.cterized by marked lumbar lordo- 

Mlattened chests and pendulous 
ens were frequently observed. 
‘romuscular Findings. — Thirteen 


‘ 
’ 
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men suffered from headache occasionally 
or frequently, sixteen others but rarely. 
No characteristic localization was ap- 
parent. Forty-three individuals stated 
that they were subject to attacks of diz- 
ziness, which in many instances was said 
to be marked. 

Of twenty-six persons who compiained 
of pain in the arms or legs, nine suffered 
from pain in the forearm, the hand, or 
the finger joints. In many cases the pain 
was presumably related to arthritis. 
Nineteen gave a history of tingling, 
numbness, or formication, usually of the 
fingers and hands. Of these, fourteen 
were sizers, two were blockers, one a 
wetter down, one a cutter, and one a 
blower. One dyer complained of itching 
legs. 

Twenty-six of the men had had neu- 
ralgic pain, localized, for the most part, 
in the jaw or the cheek, and doubtless 
related in many instances to dental 
infection. 

Tremors were observed in so many 
instances that particular care was exer- 
eised in the differentiation of degrees 
of tremor. The muscles of the face or 
orbits showed a_ slight or moderate 
tremor in seventeen cases. In_ thirty 
cases tremor of the tongue was recorded, 
in twenty-two of which it was slight. 
Tremor of the fingers, usually fine, was 
present in fifty-five cases, slight im 
twenty-eight, and moderate or marked 
in twenty-seven. Intention tremor of the 
fingers was observed in thirty-one per- 
sons, in twenty-two of whom it was mod- 
erate or marked, in nine slight. There 
were six additional doubtful cases. 

Fibrillary twitchings of various mus- 
cles were reported in twenty-five cases, 
in seventeen of which they were moder- 
ate or marked. Evidence of this condi- 
tion was, however, unsatisfactory in 
many instances. 
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Tremor of the muscles of the orbit 
alone was observed in three cases; of 
the tongue alone in three cases; of the 
fingers alone in twenty-four cases; of 
the muscles of the orbit and of the 
tongue in two cases; of the orbit and of 
the fingers in six cases; of the tongue 
and of the fingers in nineteen cases; of 
the orbit, tongue, and fingers in- six 
Cases. 

The power of the flexor muscles of 
the forearms was estimated as fair in 
eleven cases, and as poor in but two 
cases; while the power of the extensor 
evroup was considered fair in thirteen 
‘ases, and poor in five. 

Knee jerks were not obtained in four 
cases, and apparently were diminished 
in four others. One positive Romberg 
test was observed. 

Insomnia was noted with considerable 
frequency. Thirty-three men had diff- 
eulty in sleeping. Several complained 
only of restlessness, while many others 
could not sleep for a few hours after 
roing to bed, or wakened early and 
could not fall asleep again. 

Thirty-nine complained of excessive 
fatigue. In reeording these cases an 
effort was made to exclude reports of 
ordinary weariness. Numerous cireum- 
stantial details indicated that certain 
persons were finishing the day’s work 
with little or no reserve energy. <A his- 
tory of night blindness was obtained in 
four cases. 

Thirty-four men admitted, on careful 
questioning, that they were frequently 
discouraged and ‘‘blue.’? It was, of 
course, difficult or impossible to dis- 
tineuish the mental depression resulting 
from the relative inactivity of industry 
from that possibly of toxic origin. One 
man did not wish to see anyone when de- 
pressed, and another felt blue and 


ss 


‘would like to be dead instead of alive. 


Iifty-nine members of the group co; 

sidered themselves as abnormally ne 
vous and irritable. In many instanec. 
this irritability was attributed by th, 
men to the presence of strangers, to the 
necessity for unusual work, or to anger. 
The character of the nervous reactions. 
is perhaps best exemplified by the state 
ments of some of the men themselves. 


Case 4.—‘I ’fraid for boss, ’fraid boss 
gimme hell!’’ 

CASE 16.— ‘Sometime mek me mad, I look 
lak a erazy.’’ 

Case 17.—‘ If anybody ask me to do some- 
thing quick, I shake.’’ 

Case 30.—‘Gets worse if [’m watched.’ 
Ile would slow up, if watched at work. 

Case 41.—This man became nervous. 
trembled, and stopped work as soon as a 
stranger came in. He also felt weak in his 
knees. 

Case 90.—‘Feels sometimes as if I had 
done something wrong, as if somebody was 
after me.’’ When he gets excited ‘‘then can’t 
talk hardly at all.’’ He becomes nervous if 
he is watehed, and his legs ‘‘starta wigegle.’’ 

Case 094.— ‘Gets all thumbs.’’ 

CASE 103.—‘ If I’m watched I seem to lose 
eontrol of myself—don’t do the work as | 
ought to do it—as well as I eould do it. | 
vet the idea that someone is looking at me 
when no one is. Feel as though I’m ready 
to fly.’’ 


Mercury Poisoning—In_ discussing 
mercury poisoning among felt hatters 
many authors have emphasized the tm 
portance of salivation, dryness of ‘lic 
mouth, gingivitis, a blue line in the 
cums, tremors, and psyehie irritabili! 
In the course of the clinical study. 
results of which are here presenicd, 
these six symptoms or signs were ! 
eorded with the following ftrequi 
salivation, 22; dryness of the moult) 0! 
throat, 25; gingivitis (with pyorr): 
45: blue line, 3; tremors, 61; p> U 
irritability, 59. 


‘See Tlamilton, A.: Industrial Diseases ) 
Cutters and Hatters. Tuts Jour., Sept.. 
No. 5. 219. 

























()! the 100 men examined, there were 
bi iv-three who presented at least two of 
» above six signs or symptoms. ‘There 
re other eases in which either a trem- 
or marked salivation, or a blue line 
is noted, such suggestions of possible 
oreurialism, however, lacking support- 
evidence. Of the fifty-three cases, 
have been eliminated as questionable 
' various reasons, such as uncertain- 
, regarding the severity of psychie dis- 
rbance or tremors. The remaining 
forty-three cases showing quite definite 
signs of mereurialism were classified ac- 
cording to trade process, age, and expe- 
rience as follows: 


% of All Ay. 
Similarly AV. Duration 
Process No. Mngaged Age of Service 
Years Years 
kur Workers ; ST 26.6 2.6 
Plucking 1 100.0 54.0 2.0 
Cnurrotting 1 25.0 23.0 5.0 
Cutting 1 100.0 23.0 3.0 
Buck Shop $1 p49 p20 19.8 
Blowing ] 100.0 62.0 0.0) 
(‘oning 3 50.0 538.3 15.6 
llardening ] DOO 43.0 25.0 
Sturting ] ied.ad 26.0 S.0 
Sizing 20 41.6 $2.55 20.6 
Blocking > TO.0 46.5 26.6 
Napping ] 100.0 33.0 16.0 
Velouring 1 100.0 39.0 4.0 
hing 9 39.1 53.5 29.2 
]" 13 13.0 43.3 21.2 


\mong the group of forty-three cases 
With definite signs of mercurial polson- 
salivation was noted in seventeen, 
‘ess OF the throat in eight, pyorrhea 
igivitis in twenty-one, a blue line in 
‘remor in forty, and psvchie irrita- 

in thirty-seven. Fourteen cases 
ited two of the symptoms, usually 

' and psychie disturbance; twenty 
‘presented three of the symptoms, 

} tremor, psychie irritability, and 
IIs; eight presented four of the 


ms; and one ease presented 
+ psychic irritability, salivation, 
‘tis, and a blue line. 
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Kighteen of the forty-three men had 
abnormally high blood pressure. Urine 
analyses in thirteen of the eighteen 
‘ases revealed albumin in but four in- 
stances. Hdema, usually of the ankles, 


was noted in ten cases of the group of 


forty-three, associated with high blood 
pressure in six persons, and with albu- 
minuria and hypertension in two. In 
seven cases there was fairly frequent 
diarrhea. 

Ten of the group of forty-three men 
had sore tongues, associated with saliva- 
tion in three eases. Of twelve who had 
noted a metallic taste, seven also gave a 
history of salivation. In four additional 
eases the history of metallic taste was 
inconclusive. 

In fourteen cases there was a sugges- 
tion of weakness of the muscles of the 
forearms, especially of the extensor 
eroup. In no ease was there marked 
paresis. Thirteen men complained ot 
numbness, tingling or itching, particu- 
larly of the fingers. Sixteen gave a his- 
tory of twitching muscles, most often 
noted when in bed. Thirteen reported 
pain in the extremities, especially in the 
joints of the hands and arms, or in the 
knees. 

Twenty men gave a history of dis. 
couragement, twenty-one of attacks of 
dizziness, and nineteen of insomnia. 
Psychic irritability, observed in thirty: 
seven cases among the group of forty- 
three, was associated with discourage 
ment in twenty of these cases, with diz 
ziness in twenty cases, and with insom 
nia in fifteen cases. 

Of the forty-three men who, it may be 
assumed, presented evidence of mer- 
curial poisoning, five should be consid- 
ered as severely affected, fourteen mod- 
erately, and twenty-four slightly. ‘There 
were, in addition, ten cases regarded as 


somewhat questionable, though there 1s 
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demareation between these 
‘ases and those of the group of workers 
slightly affected. 


no clear 


Case REPORTS 


Case 12. History.— This employee, an 
Irishman, married, aged 48, had done bloek- 
ing for twenty years, and during the year 
previous to this examination had done sizing. 
He gave a history of heavy drinking former- 
ly, and of heavy use of tobacco at the time of 
examination. He stated that a Wassermann 
test made four years previously had _ been 
negative. 

His vision was failing, but he wore no 
glasses. His hearing was normal, and he aid 
not complain of tinnitus. He said that he had 
an oceasional headache and frequent tooth- 
ache, but had noticed no salivation nor me- 
tallic taste, nor dryness of the mouth, nor 
sore throat. He complained of no eardio- 
respiratory symptoms except slight dyspnea. 
He gave no history of edema. His appetite 
was good, and his digestion normal. He said 
that be had diarrhea oceasionally but was 
never troubled with constipation. He had 
had nocturia only rarely. 

Physical Examination.—Ue was a robust, 
stout man of ruddy complexion. His pupils 
were slightly irregular and reacted poorly 
to light. The muscles of the orbits showed a 
slight tremor, and there was twitching of the 
lips. His teeth were in poor condition and 
his gums showed marked gingivitis. There 
were small light plaques on the buecal mu- 
cosa. There was slight tremor of the tongue, 
but no eoating. There was no adenopathy. 
Kxamination of the lungs, heart, and abdo- 
men was negative. The pulse was 68. 

Marked tremor of the fingers was noticed, 
together with intention tremor. The flexor 
and extensor muscles of the forearms were 
powerful. No changes in skin sense were 
noted. Knee jerks were present and Romberg 
test was negative. The palms of the hands 
were calloused and there was contraction of 
the right fourth finger, relative to which the 
man gave a history of injury in childhood. 

The man said that he was readily irritable 
and felt blue. Previous to treatment for ‘‘kid- 
ney trouble,’’ three months before the pres- 
ent examination, he had had attacks of dizzi- 
ness. The urine showed a slight trace of al- 
bumin. Systolie blood pressure was 168; dia- 
stolie, 98. 

X-ray examination disclosed a moderate de- 
gree of hilus infiltration, with somewhat in- 


creased density in the upper lobes of ¢| 
lungs. 

CasE 41. History.—This man, a Czeehy- 
Slovakian, married, aged 46, had done sizine 
for fifteen years. He said that he had drunk 
wine and used much tobacco. He had been 
troubled with watering eyes, and had wor) 
glasses for five years. He gave a history of 
hemicrania for many years, but gave no his. 
tory of vomiting. He did not report deafness 
but said that he had noticed tinnitus, ac- 
companied by headache. For two months 
previous to this examination he had noticed 
a metallic taste ‘‘like rusty iron,’’ and for 
two years had had salivation. He gave no 
history of dryness of the mouth or soreness 
of the tongue. He complained of moderately 
frequent colds, and of slight coughs with 
much sputum. He did not report hemoptysis, 
however. There was no history of dyspnea 
or palpitation, or of edema. He complained 
of poor appetite and eructations, and of diar- 
rhea, and said that for two months he had 
had ten movements a day. For two years he 
had had a slight pain in the right hypochon- 
drium, and during that time had lost 10 
pounds in weight. 

Physical Examination.—The man was pal- 
lid in appearance. There was nothing ab- 
normal about the pupillary reactions. or 
about the muscles of the orbit. His gums 
showed a blue line, and he said that they bled 
with brushing. The mucosae were normal. 
His tonsils were large and protruding. No 
tremor or coating of the tongue was noted. 
There was marked adenopathy. 

Examination of the lungs disclosed evyi- 
denees of an old process at the right apex. 
probably tubereulosis. No X-ray was ob 
tained. Examination of the heart gave nega 
tive results. The pulse was 80. The vessel 
walls were found to be moderately thickened. 
There is some question whether the liver edge 
was palpable. 

Tremor of the fingers, together with inten 
tion tremor, was observed. No muscle twiicl: 
ing was recorded. The flexor muscles o! ‘he 
forearms were powerful; the extensors were 
less strong. No sensory changes were 110; 
ticed. Knee jerks were present, and the !:on 
berg test was negative. Systolic blood j res 
sure was 186; diastolic, 110. 


The man complained of a pain in the f a 
right metacarpal phalangeal joint. He ‘20 
marked calluses on both palms, and » 2!!! 


Dupuytren’s contractions of the fourt! 
fifth fingers of the right hand. He saic 12 
he was nervously irritable, had attacs © 
trembling, and was embarrassed by the 5 
ence of strangers in the shop. He ad! 




































reeling of discouragement. He gave a his- 


e ory of attacks of dizziness, marked insomnia. 
4 nd of being readily fatigued. 

eC Case 50. History—This man was a Ger- 
a on. married, aged 64, who had done sizing 
i ‘or forty years. He gave a history of typhoid 
i oyer forty-three years previous to this ex- 


He said that he had drunk beer, 
He denied 


amination. 
4 nd had used tobacco moderately. 
saving had venereal disease. 

His vision was fair; he had worn glasses 
or reading for ten years. He gave no history 
of deafness or of headaches, but complained 
of eontinued tinnitus. His teeth were all out; 
he said that they had been loose for four or 
‘ive years. He had not noticed any metallic 
taste, salivation, dryness of the mouth, or sore- 
ness of the tongue or throat. His speech was 
defective beeause he was‘‘so nervous.’’ Hehad 
had no respiratory symptoms, and no dyspnea 
nor palpitation. He reported marked edema 
of the legs. His appetite was good. He said 
that his bowels moved. daily, and that after 
drinking milk he had diarrhea. For two 
years he had had moderate nocturia. 

Physical Examination.—This man was of 
senile appearance. He had marked tremor 
and experienced great difficulty in unbutton- 
ing his clothing. The movements of his hands 
resembled those of a mandolin player. His 
complexion was ruddy. His pupils reacted 
slightly to lght. There was a rhythmie 
twitching of the museles of the orbits, and 
juivering of the upper lip. He had no teeth. 
lle said that his gums had bled formerly. The 
vuccal muecosae were slightly blueish, and 
ihere was salivation. No tremor of the tongue 
was reeorded. Kxamination of the lungs 
showed a shght inerease of physiological signs 
i the right apex. His heart was normal. His 
piilse was 56. <A slight thickening of the ves- 
sel walls was noticed. Examination of the ab- 
‘omen gave negative results. 

_ There was marked coarse tremor of the 
lands and arms, and quivering of the legs. 

‘ich was strikingly inereased when an ef- 

was made to control the muscles in eare- 
movements. There was marked fibrillary 
iching. The flexors of the forearms were 
the extensors were of normal power. 
man complained of cramping sensations 
ie limbs, and of pain in the back. With 
Komberg test the tremor subsided. He 
that when he was excited he was almost 
ae to speak. He acknowledged feeling 
y discouraged and blue. He said that 
ometimes had attacks of dizziness, which 
‘ed quickly but which had once or twice 
( him to fall. He said that he slept 
that he was often so fatigued by work 
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that he ‘‘ecan hardly walk home.’’ There was 
a slight Dupuytren’s contraction of the 
fourth finger of both hands. 

It was difficult to obtain his blood pressure 
because of the marked tremor of the arm. 
Systolic pressure was 130; diastolic, 84. 

X-ray examination disclosed a slight in- 


crease of the hilus shadows within normal 
limits. 
CASE 58. History —This workman, an 


American of Irish parentage, a widower, aged 
62, had been employed as a mixer in the blow- 
ing room for thirty-three years. He gave a 
history of searlet fever in childhood, with 
subsequent partial deafness. He denied hav- 
ing had venereal disease. 

He had worn glasses for twenty-five years. 
For one year previous to this examination he 
had had marked occipital headache and tin- 
nitus. He complained of frequent toothache, 
and of soreness of the tongue, but gave no 
history of metallic taste, dryness of the throat. 
or sore throat. He said that he had noticed 
salivation, and that his pillow became stained 
from it. He stated that he had oceasional 
eolds and cough with sputum. He had no- 
ticed palpitation but no dyspnea nor cyano- 
sis. He complained of edema of the feet in 
the morning. His appetite was good and he 
was not troubled with indigestion. His bowels 
moved with laxatives. He said that he had 
nocturia two or three times, and that oeca- 
sionally he had hematuria. 

Physical Examination.—This workman’s 
skin was clear and pale, and he appeared to 
be fairly well nourished. He had one molar 
and many roots left. He had marked pyor- 
rhea; his gums showed a dark line, but the 
markings were not punctate. The mucosa 
was cyanosed. There was a slight tremor of 
the. tongue and a moderate coating. No 
adenopathy was recorded. Examination of 
the lunes gave negative findings. The heart 
was found to be enlarged toward the left side. 
and aortic sound aecentuated. The 
pulse was 124. Examination of the abdomen 
was negative. 


second 


There was marked tremor of the extremi- 
ties, especially of the legs. Vertical oscilla- 
tions were noted when he seated himself. He 
unbuttoned his clothing with ease, but found 
it difficult to touch the end of a peneil with 
his finger. About seven months previous to 
this examination he had left work because of 
the ‘‘shakes,’’ and had been on eruteches for 
three months. Fibrillary twitching was pres- 
ent. The power of the flexors of the fore- 
arms was fair; the power of the extensors, 
poor. The knee jerks were present; Rom- 
berg test was positive. He said that he had 
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noticed formication. Of late he had been 
somewhat discouraged and depressed. — Fol- 
lowing a quick movement he would become 
dizzy, and would almost fall. He said that 
he slept well. 

Systolic blood pressure was 220; diastolic, 
150. The urine showed a slight trace of 
albumin, 

X-ray examination showed marked hilus 
infiltration, increased soft glands, and mot- 
tling seattered throughout both chests. The 
left upper lobe of the lung was distinetly 
dull. The findings resembled tubereulosis. 


SUMMARY 


l. This article gives a presentation 
of the findings of the examinations of 
one hundred hatters’ fur workers, hat 
makers, and finishers of varying ages, 
nationalities and occupations, most of 
whom considered themselves in reason- 
ably good health. 

2. A number of cases of heavy eal- 
luses of the hands and of Dupuytren’s 
contraction were observed. 


3. No eases of active tubereulosis 


were recognized. Radiographs of 5: & 
: . Es 
per cent. of the group disclosed i: a 


notable incidence of serious pulmonar) 
disease. 

4. In 39 per cent. of the cases th 
systolic blood pressure was found to } 
abnormally high. 

). Certain accepted evidences of mer 
curialism, especially tremor and psychic 
irritability, were frequently encountered 
K’orty-three per cent. of the group were 
considered to be in some degree poi 
soned by mercury. 


Grateful acknowledgment is made to 
Dr. Robert W. Hinds and Mr. Daniel N 
Barber for assistance in the conduct of 
the examinations; to Dr. Herman Os 


evood, who served as roentgenologist ; to 
the officers of the organized hatters of 
Danbury; and to the staff of the Indus 
trial Clinie of the Massachusetts Gener 
al Hospital for its aid in connection with 
the analysis of the material collected. 












\ NOTE ON THE SILICA CONTENT OF SOME FACTORY DUSTS * 


T. A. WEBSTER 


“ygm the Department of Applied Physiology and Hygiene of the National Institute for Medical 
Research, Hampstead, London 


Pr’ HE incidence of phthisis among 
boot and shoe makers is common- 
known to be high, and various rea- 
us have been put forward in explana- 
on. Gold miners, masons, and other 
vorkers in silicious materials, however, 
nave a much higher phthisis mortality, 
hich has been shown to be due to the in- 
halation of silica dust (1). The inhala- 
‘(ion of this dust is followed by a fibrous 
condition of the lung's, known as silicosis: 
iis fibrosed lung in trme becomes infect- 
od with the tuberele bacillus. Silicosis, 
however, can only be brought about by 
the inhalation of free silica, SiO.; com- 
bined siliea is without effeet—clay which 
coutains 50 per cent. or more silica is 
quite imnoeuous, the silica being com- 
bined with alumina. Obviously, then, it 
is tree sihea which must be looked for 
ii industrial dusts; an analysis which 
simply gives the total silica content is 
usciess. As silica is by no means an un- 
common substance, industrial physicians 
may naturally harbor the idea that an 
excessive amount of silica may be pres- 
cit in the dust of boot and shoe facto- 
rics, and may be the cause of the high 

‘isis rate in that industry. 

Silicosis has also been advanced as a 
sc of printers’ phthisis. Roos (2) 
‘tigated the dust from printers’ 
‘rooms and found small amounts of 
A present, but less than in the dust 
ving rooms. He therefore conclud- 





lat silica was not responsible for 
\crs’ phthisis. 

rough the kindness of Dr. R. Pratt 
icester, an opportunity arose to in- 


ceived for publication May 19, 1922. 


5 








vestigate the dust from a large boot and 
shoe factory, and also from a_ hosiery 
factory, in that town. The hosiery indus- 
try, it should be noted, has not a high 
phthisis rate. 


EXAMINATION OF Dust rrom Boot AND 
SHOE, AND Hostery FAcToRIES 


Of the samples of dust sent to the 
laboratory from the factories, most 
stress was laid on those which came 
from the roof beams and the blades of 
the exhaust ventilating fans. Micro- 
scopic examination of these samples 
showed, in every case, the presence of 
a few sharp-edged particles which were 
believed to be sand. The analyses, ex- 
cept that of the free silica, were carried 
out by standard methods. There is no 
very satisfactory chemical method of 
determining free silica in a mixture con- 
taining much combined silica, and a me- 
chanical method of separation was there- 
fore used, the dust being separated in- 
to various fractions by shaking with 
water and by partial sedimentation. By 
determining the total amount of silica 
in the various fractions, it was possible 
to ecaleulate approximately the amount 
of free silica. A fraction containing 90 
per cent. total silica, for example, nec- 
essarily consisted almost entirely of 
free silica. The other inorganic bodies 
present were largely iron and alumina. 

Table 1 shows the results obtained 
from the analysis of the dust of the two 
factories investigated. It will be seen 
from this table that the dust from the 
‘‘nhthisis’’ boot and shoe factory con- 
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tained no more free silica than that from 
the ‘‘non-phthisis’’? hosiery factory. 
Probably the silica found was, for the 
most part, brought into the factory on 
the workers’ boots. 

By way of comparison with these re- 
sults, some samples of dust from our 
laboratory shelves, ete., were analyzed 
and were found to contain 16 per cent. 


TABLE 1.—RESULTS OBTAINED FROM ANALYSIS OF 


no part in boot and shoe makers’ : 
phthisis. 4 
SUMMARY é 

1. Pulmonary silicosis, the fore-run- 4 


ner of tuberculous-silicosis, follows only 
upon the inhalation of the dust of free 


silica. 


SHOE, AND HOSIERY FACTORIES 


Composition of Dust 


ee 


DUST SAMPLES FROM BOOT AND 





it 

Organic 

’‘actory Source of Dust Matter 
% 
Boot and Shoe2 finishing room: exhaust fan blades 62 
soot and Shoe finishing room: beams 58 
Boot and Shoe floor sweepings: average of various rooms 51 
Hosiery winding room: beams 51 
Hosiery main producing room: exhaust fan blades 71 
Hosiery main producing room: beams 60 





IStandardized mortality rates. 
2A sample of leather dust from the finishing 


total siliea and 7 per cent. free silica. 
Sir James Crichton-Browne found 21 
per cent. silica in dust taken from the 
top of a wardrobe in a London house. 
There is, in faet, some silica in all dusts. 
This is not surprising, however, con- 
siderine the wide distribution of the 
substance. 

Krom the results of this investigation, 
it must be concluded that silica plays 


Total 
Silica 
Yo 
10.4 
18.6 
18.4 
20.5 
8.2 
16.5 


Phthisis 
Free Death 
Silica Rate! 
% 
3.0 235 
4.2 235 
5.1 235 
8.0 176 
4.0 176 
6.1 176 


room showed only 0.17 per cent. total silica, 


2. Silica is not responsible for print- 


ers’ phthisis. 


) 


3. The amount of free silica found in 
dust from a boot and shoe factory does 
not exceed that in dust from a hosiery 











factory, from a laboratory, or from a 


London house. 


4. Evidence does not place the re- 
sponsibility for boot and shoe makers’ 
phthisis upon silica. 
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A STUDY OF THE MORTALITY OF COAL MINERS, 
ENGLAND AND WALES 


(Continued ) 


EKpear L. Couuis, M.A., M.D., M.R.C.P. 
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of Miners’ Welfare Committee 


iESUME OF Pornts FoR CONSIDERATION 


1. There is a great diversity in the 
death rates on the various coal fields 
not fully accounted for by local non- 
industrial influences. 

2. This diversity is mainly accounted 
for by the fact that the fields with higher 
death rates experience higher mortality 
rates from phthisis, pneumonia, bron- 
chitis, and accidents. 

3. The mortality from phthisis, while 
varying considerably on the different 
fields, is low on all fields. 

4. Men at the coal face as life pro- 
gresses suffer more from phthisis than 
others employed in the mining industry ; 
the only exceptions are found in Mon- 
mouthshire and South Wales and in 
Nottingham where this occupational 
vroup suffers less than the other two 
eroups. 

). Pneumonia is in excess on certain 
coal fields, notably in Laneashire. 

6. The tendency is for pneumonia, 
when in exeess, to affect men at the face, 
but an exception is found in Monmouth- 
shire and South Wales and in Notting- 
ham where this group suffers less from 
he disease than the other two groups. 

There is a tendency for a high 
‘h rate from pneumonia among both 
stoups of men employed under ground 
‘0 be closely associated with a compara- 

'y high death rate from phthisis. 
Bronchitis also is found with a 
range of mortality rates which fre- 


(if 
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quently exceed the standard, the excess 
being most pronounced where the mor- 
tality rates from phthisis and pneu- 
monia are high. 

9. Generally speaking, the tendency 
is for bronchitis, when in excess, to 
affect men at the face particularly late 
in life. 

10. The accident rates are high on all 
coal fields, and the fields with high mor- 
tality rates from other causes experience 
high accident rates. 

11. The outstanding feature of the 
accident mortality is the way in which 
it groups the fields in an order similar 
to that established by mortality from 
the respiratory diseases. 

12. Others below ground succumb 
from accidents more than either of the 
other groups. Men at the coal face 
come second. On two fields where the 
accident rate is low—Nottingham, and 
Durham and Northumberland—the posi- 
tion is reversed. 

13. Men at the face in Monmouth- 
shire and South Wales in relation to 
the other two occupational groups of 
that field present an exception in that 
the mortality rates from phthisis, pneu- 
monia, and accidents are all compara- 
tively lower than on other fields. 


Discussion 
The outstanding features of the points 


enumerated are (a) the way in which 
the four causes of death considered are 
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either all high or all low on any given 
coal field; (b) the way in which the rela- 
tive position of the three occupational 
groups with respect to the four causes 
of death is maintained on the different 
fields; and (c) the fact that when an 
exception occurs, as in Monmouthshire 
and South Wales and in Nottingham, the 
tendency is for all four causes of death 
The deductions follow 
that there must be some common factor 
or factors (1) which influence these four 
eauses of death; (2) which vary in in- 
tensity on the different fields; (3) which 
exert a cumulative effect increasing in 
power with length of occupation; (4) 
which affect men at the face more than 
others; but (5) whieh in Monmouth- 
shire and South Wales affect men at the 
face less than others. 


to be affected. 


Phthisis and Respiratory Diseases 


Special consideration may first be 
given to the mortality from  phthisis 
because something is known of the in- 
fuences which determine it. 

Phthisis, or pulmonary tuberculosis, 
is an infectious disease transmitted from 
[ts prevalence is in- 
fluenced by (a) aggregation of individ- 
uals, which increases opportunities for 
passing on infection; ()) general per- 
sonal health or power of resisting infee- 
tion; and (c) exposure to the inhalation 
of silica dust, which has a peculiar 


person to person. 


capacity for sensitizing the tissues to 
tuberculous infection. 

(a) Coal mining does not bring work- 
ers together as do industries like tail- 
oring, bootmaking, and printing, in 
which phthisis is unduly prevalent; nor 
is there any marked difference between 
the aggregation of workers on the dif- 
ferent coal fields, or in the different 
occupational groups considered. This 
influence, if it plays any part in this 


industry, may be a contributory |). 
fluence determining why the industry x 
a whole experiences a low mortality 
from the disease. . 

(D) An important industrial influence 
affecting health is ventilation, and if {\e 
South Wales field were unique in ej). 
ploying the longwall method of coal wot. 
ting in which the man at the face vets 


TABLE 16—MEDIAN AGE AT DEATH Froy 
PHTHISIS AMONG COAL MINERS, AGED 
15 YEARS AND OVER, DISTRIBUTED \c 
CORDING TO OCCUPATION 1 








gE 

| Workers Others Workers 
Coal Field | at below = above 
kace Ground Ground 





Nottinghamshire .... OO 28 24 
te | Oe 19 30 
Northumberland and 

Eee er | Bd-35 26-27 24 
Monmouthshire and 

South Wales ...... | 37 837-38 40-41 
Staffordshire ........ 36 22-23 3 
eee 41 21 4 | 
Laneashire ......... 42 32 2) 
England and Wales... 37-38 30-31 31 








1 The data of this table have not been standard- 
ized for age distribution of the occupational groups. 


better ventilation than in the pillar and 
stall method, this influence might ac 
count for the phenomena noted; but in 
fact this is not so. There is no reason 
for supposing that the general persona! 
health of workers on the various ficlds 
or among the various occupational 
eroups on the same field differs in a way 
which would account for the facts. 
(c) The question of the inhalatior 
silica dust calls for careful considera 


Qt 


tion. The coal measures, particuls!!) 
the strata intervening between the oa 
seams, are known to contain defiiite 
amounts of silica, the dust of wilicl 
when inhaled, has been shown to se) UP 
in the lunes a form of fibrosis know: @s 
silicosis. Persons with silicosis are )il 
ticularly liable to sueeumb to pulmon:!) 
tuberculosis, and then their deaths ('¢ 


ascribed simply to phthisis. 
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rABLE 17.—MEAN ANNUAL DEATH RATE OF COAL MINERS FROM BRIGHTS DISEASE’ 








Age Group 











District eT te Se ee 
15-19 20-24 25-34 385-44 
(a) 
Northumberland and 
Durham ....--. 0.152 0.150 0.085 0.209 
Laneashire ...... 0.139 0.049 0.098 0.315 
Yorkshire .......-. 0.223 0.060 0.108 0.248 
Derbyshire ....... 0.141 ae 0.058 O2SI] 
Nottinghamshire a as ia 0.126 0175 
Staffordshire ..... “ae 0.0638 0.165 
\lionmouthshire and 
South Wales 0.012 —~—- OOD VO.32> 
(ther districts.... 0.0938 0.042 0.112 0.214 
hncland and Wales : 
(all districts).. 0.0538 0.051 0.081 0.210 
Northumberland and 
Durkee ..scsevee 0.011 0.075 O.082 0.063 
Lancashire .......- ._ — 0.049 a | 
YOrESeite 4422 ¢8% ies 0.041 0.048 = hens 
DerbySiMr® 1s ecsess — ~ ~ —_ — 
Nottinghamshire om. an — 0.592 
Staffordshire ....... ae O.127 — — 
Monmouthshire and 
South Wales —~ 9.120 0.087 #£«0.174 
: Other districts...... 0.057 an — = 
| Lnelind and Wales 
(all distriets).... 0.016 .0.07T0 0.082  O125 
| 
(c) 
rihumberland and 
UUPREGE 2.655 ¢éd5 0.063 = 0.085 
COMMING ica¢<ies : : i 
410), a 0.109 0.156 
DYSRIFS .céscccecs . 
.nehamshire aie ae 
lordshire ....... 0.251 : 
mouthshire and 
uth Wales O.505 
r districts...... 
“nd and Wales 
| distriets).. 0.039 _ 0.037 0.090 


45-54 55-64 


65-74 


Workers at the Face 





0.455 1.795 
0.398 1.7538 


0.289 1.229 
0.695 = 1.055 
0.100 1.382 
0.323 OAT4 
0.507 1.204 
0.264 O.S854 


0.562 1.506 


(b) Other Workers 


0.196 O.475 

en ee 0.761 
0.122 OO3A 
0.757 0.631 
O.571 0.901 


0.265 0.462 


0 590 
0.205 


OTD 


0.250 0.607 


Workers abov 


0.288 0.941 

O25 1.479 

0547 1.120 
O.4S7 
0.UR7 

O.8D5 

Q2?78 ASO 
O.038 

O.25S8 O.95S 


helow 


( 


2.100 


> ~ 
». aA 


2. ST6 
4.826 
1.605 
0.812 


1.29 


(iround 


O.41S 
0.735 
LOGI 
2.8.5 
1.4S8S 
3.003 


>». 106 
4.762 


1.700 


75 and | 


(over 


Ground 


S.O81 
D.T47 


10.416 


6.116 


J.” 


5.964 


12.821 


1.407 
6.280 


LOG 


Years and Over 


0.405 
0.442 
0.322 
O.37T9 
Q.223 


Q.219 


OQ.157 
O.35+ 


0.301 


Q.158 
O.07S 
0.101 
O.1S6 
0.170 
0.0SS8 


0.255 


0.099 


0.150 


O25] 
O.V264 
O.3516 
() 107 
O.147 
O.247 


O.3907 


O.OS] 


O.25S 


Crude Standard- 
| Death 
Rate Death Rate 


ized 





0.37 
0.38 
0.32 
0.37 
0.21 
0.18 


0.21 
0.31 


0).29 





0.19 
0.11 
0.15 
0.36 
0.29 
0.15 


0.25 


0.11 


0.19 


0.20 
O.1S 
O28 
O11) 
0.08 
0.16 


0.28 
0.15 


0.19 





—— 





vor the purpose of standardization, the age distribution of the 
ion has been 


Wales. 





assumed to be 


identical 


with 


eoal miners 


in each district 


and oc- 


that of all coal miners in all occupations in England 
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The suggestion that tuberculous sili- 
cosis may account for the diversities in 
the prevalence of phthisis found among 
coal miners—even though it may be 
considerably less common among coal 
miners than among tin miners, stone 
masons, and others—necessitates refer- 
ence to this disease. The Royal Com- 
mission on Metalliferous Mines and 
Quarries, when discussing this disease, 
summarizes the question in these words: 


If in any class a high death rate from 
pulmonary tuberculosis is found occurring 
at a later period of life than is usual for pul- 
monary tuberculosis, and if this high death 
rate is associated with a high death rate from 
other respiratory diseases, then this class is 
exposed to the inhalation of injurious dust. 


The first criterion, then, is that the 
disease must occur at a later period of 
life than is usual. A simple effort to 
test this point is shown in Table 16. Al- 
though the data given in this table can- 
not be taken as more than suggestive, 
owing to the complication of unequal age 
distribution in the occupational groups 
on the different fields, the tendency dis- 
played is for men at the face (who have 
been found to suffer most from phthi- 
sis), when dying of phthisis, to be dis- 
tinctly older than members of either of 
the other occupational groups; for this 
difference to be most pronounced on the 
fields where phthisis is most prevalent; 
and for this difference not to be found 
in Monmouthshire and South Wales. So 
far, then, as the data may be relied upon, 
the records stand the first test. 

The second criterion associates the 
death rate from pulmonary tuberculosis 
with a high death rate trom other res- 
piratory diseases. The examination of 
mortality data already made has shown 
that the prevalence of phthisis varies 
on the different fields with the preva- 
lence of the other respiratory diseases, 
pneumonia and bronchitis; and, further, 


that the same thing holds good for the 
occupational groups concerned. The 
second test also is thus complied wit), 

While the suggestion put forward may 
explain the unequal distribution of 
phthisis on the coal fields, it does not 
necessarily cover the whole case in re- 
gard to ‘‘other respiratory diseases,”’ 
including pneumonia and_ bronchitis. 
These diseases may result from other 
causes than exposure to silica dust, as, 
for instance, from exposure to other in- 
soluble dusts arising from basalts and 
the like, or to sudden changes of tem- 
perature due to keen drafts in the main 
ingoing air ways, or on the surface. 
Prevalence of ‘‘other respiratory dis 
eases,’’ not associated in any way with 
the prevalence of phthisis, may be due 
to such causes; but from the series of 
mortality data now under consideration 
no definite conclusions as to the in- 
fluence of such exposures can be drawn. 

If investigation should prove that coal 
on the South Wales field either contains 
but little silica, or is got by the man at 
the face with a minimum disturbance of 
the intervening strata; and that in the 
Derbyshire and Nottinghamshire fields 
the amount of silica present in the coal 
measures is less than on the other fields, 
we should be justified in holding expos: 
ure to dust inhalation to be an impor. 
tant influence underlying the diverse 
mortality rates from phthisis, puicu 
monia, and bronchitis, found to exist on 
the different fields. 


Bright’s Disease 


There still remains a further statis! 
eal test: Occupational groups expos 
to the inhalation of silica dust have !) 
noted to experience, in addition to an 
cessive mortality from phthisis «1 
other respiratory diseases, a high © 
tality from Bright’s disease, which ™*) 










































































» attributed to the same cause. The 
amber of deaths occurring from this 
jjsease among coal miners, when distrib- 
ied by coal field and occupation, is too 
mall to furnish reliable death rates; 
enee small differences in the standard- 
4 ved death rates must not be depended 
pon. Further, the death rate from 
yhthisis among coal miners, which is 
mniformly low, suggests that if silica 


PABLE 18.—-AVERAGE DEPTHS OF WORKINGS 


(BASED ON DEPTHS OF SHAFTS) 
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drawn from the data of Table 17 that 
some relation exists between the death 
rates from phthisis and from Bright’s 
disease. ‘Thus, workers at the face on 
all coal fields, who experience more 
phthisis than the other two oceupational 
eroups, are also found suffering a higher 
mortality from Bright’s disease. When 
the separate coal fields are considered, 
however, the death rates from Bright’s 


IN COAL FIELDS OF UNITED KINGDOM 











LIVISION COAL FIELD AVERAGE WORKING DEPTH 
leet 
Northern Division EE 05 os 6604s a Re be area ice eens 900 
ME. hi eck eg 6b. ORS UG LAA eee SOO 
PROUEMIUEIOUUINE 5 kascccaceccdseciscsocesee 0 
York and N. Midland Division Ee ee ee ee eee 922 
er oie. eee bok ee a S4 e8 een 1225 
EE Soar sa deb 2h dd owes baeea ae e eee 1,220 
Lancashire, N. Wales and Ireland Division Cheshire ........cccecccccccccccsceccess 420 
I er erry ee re 1,500 
Denbigh Pee eer ee eT ee Te Ore Re eT 1,020 
hl eg 5 oo ed ge neh orb dé oles ineas 450 
IE ha ae ea ald iad AB. keh abel Oat bral ee 3) 
South Wales Division South Wales and Monmouth............. 1,050 
Midland and Southern Division Ee ee ee ote CLEAR ECO ENOL AEE eS 1.290 
Se COMED. 0.0 0'6-6'0-44:4005 60045268 690 
a ek eee ee ee eT T50 
DE ys cna 6 asks he boo eK ECGS OCR RR KOOKS 1.050 
CCC OTE S.CT TCC PETE Te Tee O60 
EE 6 oe p60 3 ean od5b0886 660s Sb 80 OES THO 
I kt ies whe ecw ee iu eed tokek ie see 1,080 
a rye ee eee 1,560 
BTRMOTGOMIVe < HOUT ok ccc ccdcwcccccces 420) 
| COCR COMORO wa ccccccecs 900 
ebb die Oey Ode RE W080). 06 o:4S RO 1,500 








Chis average is apart from three of the largest pits—namely, Hamstead 2.100 feet deep; Sandwell 


st exerts any influence, this influence 
Ol a powertul one—in other words, 





amount of silica inhaled must be 
1; or, that there is present some 
tcracting influence minimizing the 
chey of silica dust to pave the way 
tuberculous infection, which in- 
ce may or may not counteract the 
‘ney of silica to affect the kidneys. 


vertheless. the deduction may be 





“540 feet deep; and Baggeridge 1,950 feet deep. 


disease among men at the face are found 
to fall into two groups; one group, which 
includes Lancashire, Durham and North- 
umberland, Derbyshire and Yorkshire, 
stands above and distinct from the other 
gvroup, Which includes Nottinghamshire, 
South Wales, and Staffordshire. The 
first group of four includes three fields 

1.e., Yorkshire, Lancashire and Dur- 
ham, and Northumberland, which, for 
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this group of workers, stood highest in 
phthisis mortality; while the lower 
group of three includes two fields, Not- 
tinghamshire and South Wales, which 
stood lowest. 

Kor others below ground the only 
notable point is that for Nottingham- 
shire and South Wales, where the 
phthisis mortality of this occupational 
group was found to be unusual in being 
higher than that among men at the face, 
the mortality from Bright’s disease fol- 
lows the same course. 

Probably this is as far as the available 
data permit this test to be applied, and 
all that can be said is that the test is not 
untavorable to the suggestion that ex- 
posure to dust of silica may exert an 
influence on the mortality from respira- 


tory diseases among coal miners. 
Accidents 


The causation of accidents in mines, 
since it is known, may be expected 
to throw: some light on the whole 
matter. ‘’'wo kinds of aeceidents, ex- 
plosions and falls of ground, are peeu- 
liar to the mining industry. Explosions 
which lead to great disasters are fortu- 
nately sufficiently exceptional to permit 
them to be disregarded for the moment, 
although the presence in the workings of 
gases which give rise to these explosions 
cannot be quite disregarded in view of 
the somewhat remote possibility of these 
vases atfectine the worker’s health 
when inhaled over long periods of time. 
The other most distinctive cause of min- 
ing aecidents is falls of ground—a 
eause which, in 1911, a year in which 
there was no great disaster, was respon- 
sible for 50.4 per cent. of all accidents 
on Knelish and Welsh coal fields. Falls 
of ground mainly concern men at the 
face, and other forms of aecidents con- 
cern the other workers; but since there 


are more men employed at the face than 
elsewhere (510,282 in all districts, com 
pared with 350,549 for others  beloy 
ground and workers above ground taken 
together*), the accident rate so caused is 
comparatively low for this occupational! 
eroup. Dust rising from falls of ground 
‘an hardly be looked upon as being gen 
erated sufficiently frequently to be the 
origin of that dust, the inhalation of 
which is suggested to account for the 
prevalence of respiratory diseases; but 
if coal in measures underlying sandy 
shales contains more silica than coal 
underlying a good sandstone roof, then 
some explanation of the relation found 
to exist between the different mortality 
data would be forthcoming. Falls of 
eround depend upon two main causes: 
(1) the nature of the strata overlying 
the coal measure being worked; and (2) 
the amount of cover—.e., the depth of 
the workings. 





1. Information as to the strata over- 
lying coal measures, particularly in 
relation to chemical composition, | 1s 
needed.' 

2. The average depths of the mines 
on the different fields have been recently 
obtained by the Mines Department, and 
are given in ‘Table 18. 


GENERAL ‘THEORY 


On the theory now proposed, death 
rates from respiratory diseases would 
he related to the silica content of the 
coal worked, and also of the roof. Fal! 
of ground are related to the compositio! 
of the root and to the depth of the wo1 
ines. On this theory, in South Wa 
and Nottingham, there should be lil 


3. See also page 261 relative to number of 
emploved above rround. 

!. I understand that in South Wales on Pp 
of the field the roof is formed of sandstone, 
Pennant seam, which provides a fairly stable |! 
but on other coal fields sandy shales more 
quently form the roof. 




















.. in the coal, and a good sandstone 
this roof should be ripped by 

roup of men (included among others 

w ground), who, being thus exposed 
njurious dust, suffer more from 
isis, pneumonia, and bronchitis. In 
\orkshire the coal should contain some 
ca, but the roof should be of shales. 

1, Laneashire coal should contain rather 
loss siliea than the coal in Yorkshire, 
but the roof should be of a rather in- 
secure sandstone. In Derbyshire there 


J 
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should not be much silica in the coal or 
in the roof (unless there is very little 
roadripping). The mortality for Dur- 
ham and Northumberland is stated to- 
gether, but the Durham field appears, 
from the depth of the workings, to dif- 
fer from the Northumberland field; sim- 
larly, the various parts of Staffordshire 
(mortality for which is given as a whole) 
differ considerably in the workings; no 
suggestions are, therefore, hazarded as 
to the geology of these fields. 
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BOOK REVIEW 


PuLIING Tocerier. By John 7. Broderick. Cloth. 
Pp. 141 and introduction and table of contents. 
Schenectady, N. Y.: Robson & Adee, 1922. 


To say that the 141 pages of ‘‘ Pulling 
Together’? cover the field of industrial rela- 
tions. eould not, of COUPSe, be true. There is 
a marked tendency to stress the problem of 
emplovee representation, and other questions 
which are introduced group themselves, for 
the most part, around this central idea. The 
discussion is, as might be expected, quite 
sketchy. ‘The writer displays a naive zest 
for his subject which would make the book 
appeal primarily to the layman. 

The text of the book is developed in the 
form of a conversation which is represented 
as taking place between the writer, a sales- 
man and the president of a well-known ecor- 
poration. The reader is unfortunately 1m- 
pressed at the outset with a lack of reality 
in the setting, which weakens the writer’s 
natural tendency to express things well. The 


issues involved are serious ones. If the presi- 


dent of any influential corporation was acty. 
ally a party to the conversation of the text. 
this fact should not be left in doubt; if the 
situation was fictitious, it seems as if, just aj 
this time, the writer is taking an unfortunate 
liberty which makes the reader resentful, even 
against his will. 

Aside from this regrettable defect in strue- 
tural conception many things are said well, 
There is apparently no attempt to add _ to 
eurrent thought on the questions involved. 
Those who know little of the current proj) 
lems of industrial relations will do well to 
consider the writer’s arguments. That in- 
dustrial organization is at present viewing 
its problems of industrial relations from ex- 
actly the same angle as that of the writer is 
not to be determined here. It is true, how- 
ever, that among our most progressive indus- 
tries there has been a marked tendeney in the 
last few years to adopt as a working hypothe- 
sis the fundamentals which he advocates.— 
C. HW. Paull. 





